Background: Protein intake above the RDA attenuates cardiometabolic risk in overweight and obese adults during weight
Introduction
Diets that promote protein intake above the RDA [0.8 g/kg body weight (BW)] are extremely popular. Studies have demonstrated that higher-protein diets promote healthy weight management (1, 2) and spare lean body mass during weight loss (3) (4) (5) (6) (7) (8) (9) (10) . Increasing dietary protein intake at the expense of carbohydrate may also lower cardiometabolic risk (11) because diets higher in protein and lower in carbohydrate appear to reduce blood pressure (12, 13) and improve glycemic regulation (11, 14) and blood lipid profiles (10, 12, (15) (16) (17) . The cardiometabolic benefits of higherprotein diets are often greater than or equal to those observed when consuming lower-fat, higher-carbohydrate diets consistent with the 2010 Dietary Guidelines for Americans (18) and recommendations of the AHA (19) . However, most of the studies reporting benefits of higher-protein diets were conducted in overweight and obese adults during well-controlled weight loss interventions. Whether these findings apply to free-living adults habitually consuming higherprotein diets independent of body size, total energy, and macronutrient intake has not been established.
Despite evidence from clinical trials suggesting that higherprotein diets may lower cardiometabolic risk, concerns exist regarding the potential long-term adverse health effects of habitually consuming high protein diets (20) (21) (22) (23) , and precisely what level of protein intake results in optimal health remains controversial (24) (25) (26) (27) . Prospective studies have suggested that consuming dietary protein at upper levels of the acceptable macronutrient distribution range (10-35% total energy intake) may increase cardiometabolic risk (28) and all-cause mortality (29, 30) . Partial data from the NHANES III suggests that cardiometabolic-related mortality is higher in middle-aged adults (50-65 y of age) consuming higher-protein diets compared with similarly aged adults consuming lower-protein diets (20) . The authors of that paper recommend that middle-aged adults consume dietary protein at levels consistent with the RDA, although the authors also recommended that older (>65 y of age) adults should increase protein intake above the RDA to increase longevity and lower cardiometabolic-related mortality. Conflicting data and experimental limitations (e.g., sample size, dietary analysis, interventional vs. prospective) within and across studies make it difficult to reconcile these studies leading to confusion among clinicians, the nutrition community, and the lay public regarding the true association between dietary protein and cardiometabolic health.
This study evaluated dietary protein intake patterns among US adults and assessed relations between habitual protein intake and cardiometabolic risk with use of data from the NHANES, 2001-2010. Whether habitual protein intake patterns and their associations with cardiometabolic risk are differentially influenced by BW status was also assessed by stratifying the study population by BMI. We expected that protein intake would exceed the RDA. We hypothesized that higher-protein diets would be associated with biomarkers suggestive of reduced cardiometabolic risk, and that the effects of dietary protein would be more pronounced in overweight and obese adults than in normal weight adults. ) were also excluded (n = 421, 1.76% of population; 164 males and 257 females) because these individuals could have a chronic disease or an eating disorder. Individual usual protein intake (g/kg BW) was determined with use of the National Cancer Institute method (32) with DRI age groups, day of the recall, and a weekend flag (MondayThursday vs. Friday-Sunday) as covariates.
All subjects were separated into deciles of individual usual protein intake. The population was then stratified by BW status: normal weight (BMI: 18.5-24.9 kg/m 2 ; n = 7131), overweight (BMI: 25.0-29.9 kg/m 2 ; n = 8374), and obese (BMI: >30 kg/m 2 ; n = 8376). Individual usual protein intake deciles were then determined according to BMI categories. Demographics (age, sex, race/ethnicity) and dietary intake characteristics (energy and macronutrient intake) of the population within deciles of protein intake were determined for the entire population and stratified by BMI categories.
Cardiometabolic risk factors. BMI, waist circumference, blood pressure (diastolic and systolic), fasting serum TGs, total cholesterol, LDL cholesterol, HDL cholesterol, blood glucose, and insulin concentrations were obtained from examination (33) and laboratory files (34) . HOMA-IR was calculated as the product of plasma insulin (pmol/L) and glucose (mmol/L)/22.5 (35) .
Statistical analysis. Analyses were completed with use of SAS 9.2 (SAS Institute) and SUDAAN release 11.0 (Research Triangle Institute) for sexes combined and separately for each sex. Appropriate weighting factors were used to adjust for oversampling of selected groups, survey nonresponses of some individuals, and for day of the week the interview was conducted (36) . Least square means (6 SEs) of cardiometabolic risk variables were determined for subjects in each decile of habitual protein intake (g/kg BW) with use of PROC REGRESS of SUDAAN after adjustment for covariates. Three covariate models were employed: model 1-adjusted all variables for sex (combined sexes only), race/ethnicity, age, physical activity (categorized as sedentary, moderate, or vigorous based on responses to questions on activity), and poverty-income ratio; model 2-adjusted all variables for the covariates in model 1 and also for individual usual energy intake (kcal/d); and model 3-where BMI and waist circumference were adjusted for the covariates in model 1 and also individual usual intake of carbohydrates (g/kg BW) and total fat (g/kg BW), whereas the remaining cardiometabolic variables were adjusted for covariates in model 1, individual usual intake of carbohydrates (g/kg BW) and total fat (g/kg BW), and BMI. Analyses were also conducted to determine whether medication use (related to blood pressure, lipids, or insulin management) affected model 3 results.
Both a linear trend of habitual dietary protein intake as a continuous variable and a linear trend across deciles of habitual protein intake were computed with use of the covariate-adjusted models described above. Subjects with missing data for a variable of interest were eliminated from that particular analysis. Significance was set at a Bonferroni-adjusted a of P < 0.00125 [P < 0.05 divided by 40 (4 weight classification groups and 10 sets of variables analyzed)].
Results
Median habitual protein intake for the entire population more than doubled from decile 1 to decile 10 ( Table 1) . A higher percentage of females consumed protein within deciles 1 through 5, whereas a higher percentage of males consumed protein within deciles 6 through 10 ( Table 1) . Age decreased across increasing deciles of protein intake. Similar demographic trends were observed when the analyses were stratified by weight status. Energy and macronutrient intake also increased across the deciles for the total population and within weight classifications ( Table 2) .
BMI and waist circumference, for the total population and within weight classifications, were inversely associated with habitual protein intake as a continuous variable and when examined by deciles of habitual protein intake ( Table 3) . Using model 2 (additionally adjusted for energy intake), the relation between habitual protein intake and BMI was significant for deciles of habitual protein intake in the entire population but not when the analyses were stratified by weight classification. Using model 3 (additionally adjusted for other macronutrient intake), habitual protein intake as a continuous variable and deciles of habitual protein intake were associated with BMI in all subjects and for overweight and obese but not normal weight subjects. Using model 2, the relation of habitual protein intake with waist circumference was significant for protein intake as a continuous variable and for deciles of habitual protein intake in all subjects. When the population was stratified by weight classification and adjustments for energy intake were made (model 2), there was a significant association of habitual protein intake in overweight subjects only. Using model 3, habitual protein intake as a continuous variable and deciles of habitual protein intake were associated with waist circumference in all subjects and within each weight classification.
Habitual protein intake was not associated with any other cardiometabolic risk factor after appropriate adjustments for energy and macronutrient intake with the exception of HDL cholesterol ( Table 4) . There was a positive association of habitual protein intake as a continuous variable, and deciles of habitual protein intake, with HDL cholesterol in all subjects and when subjects were stratified by weight classification. Using model 2, the positive relation between habitual protein intake and HDL cholesterol was significant for all subjects, and particularly for overweight individuals. Using model 3 (including adjustment for BMI), both decile and continuous measurement of habitual protein intake were still associated with HDL cholesterol in all subjects and for overweight individuals. Continuous measurements of habitual protein intake were also positively associated with HDL cholesterol in normal weight individuals, but decile of habitual protein intake relation was not significant.
Analyses were also conducted to examine sex-based differences, however, the results were not different from those described above; habitual protein intake was inversely associated with BMI and waist circumference and positively associated with HDL cholesterol to a similar extent in men and women (Supplemental Tables 1-4) . No other associations were observed when analyzing the data by sex. Finally, including relevant medication use in models where appropriate did not alter the associations between dietary protein and cardiometabolic risk (data not shown).
Discussion
The major findings from this prospective, cross-sectional study are the following: 1) Americans habitually consume protein in excess of the RDA; and 2) higher-protein diets are associated with lower BMI, waist circumference, and higher HDL cholesterol. The potential health effects of higher-protein diets appear to be more . These findings are consistent with previous studies (10) (11) (12) (13) (14) (15) (16) (17) and suggest that the cardiometabolic advantages of higher-protein diets are largely independent of energy, carbohydrate, and fat intake, but appear limited to HDL cholesterol, waist circumference, and BMI.
The RDA (0.8 g/kg BW) represents a minimum level of protein consumption required to avoid a deficiency that would lead to a progressive loss of muscle mass in healthy adults, as reflected by negative nitrogen balance (37) . However, numerous studies demonstrate advantages of consuming protein in excess of the RDA for skeletal muscle mass (1, 2, 38-42). Our findings suggest that habitual dietary protein intake may also serve as a nutritional determinant of adiposity (15) . More specifically, waist circumference and BMI were inversely associated with protein intake, suggesting that central adiposity was lower for Americans consuming higher-protein diets. The association between waist circumference and dietary protein was present in each BMI classification, although the effects of protein on BMI appear to be largely restricted to overweight adults. These findings are consistent with a recent meta-analysis demonstrating a small, but highly significant, inverse association of dietary protein intake with fat mass in overweight and obese individuals adhering to higher-protein, ad libitum diets after completing a controlled weight loss intervention (43).
It should be noted that our analyses did not show any detrimental association between dietary protein and cardiometabolic risk. Increased dietary protein intake at the expense of carbohydrate is generally considered to reduce cardiometabolic risk because studies have consistently reported improvements in glycemic regulation (11, 14) , blood lipids (10, 12, (15) (16) (17) , and blood pressure (12, 13) in overweight and obese adults adhering to controlled higher-protein, lower-carbohydrate weight loss diets. Our data suggest that the cardiometabolic advantages of habitual higher-protein diets in free-living adults are limited to increases in HDL cholesterol. Because we adjusted for multiple physiological confounders, the robust association between dietary protein and HDL cholesterol is particularly intriguing. More specifically, HDL cholesterol concentrations for those who consumed ;1.5 g protein/kg BW were ;15% higher than those who consumed protein at or below the RDA, particularly in overweight individuals. The mechanism by which protein is associated with upregulated HDL cholesterol production and the extent to which BW status modulates this response requires further study. Nevertheless, because habitually consuming a higherprotein diet was associated with higher HDL cholesterol (and lower adiposity) regardless of total dietary energy, carbohydrate, and fat intake, the intrinsic properties of protein, unrelated to its energy content, appear to be partially responsible for these effects. This study demonstrates the health-related benefits associated with habitual consumption of dietary protein beyond the RDA. The levels of protein routinely consumed in deciles 6 through 10 (;1.0-1.5 g/kg BW), that were associated with lower waist circumference, BMI, and higher HDL cholesterol, are consistent with nationally recognized recommendations (i.e., based on nitrogen and skeletal muscle retention) for physically active adults (42, 44) , military personnel (45, 46) , older adults (47) , and for individuals attempting weight loss (9, 10, 48, 49) , all of which are higher than the current RDA. Regardless of recommendations, Americans overwhelmingly consume protein at or above the RDA. A previous analysis of the NHANES (2003) (2004) showed that the proportion of population reporting consuming protein below the RDA was minimal and that mean protein intake for adults >18 y of age was ;1.3 g/kg ideal BW (50). Our current study, which examined patterns of dietary protein intake across BMI classifications in a much larger sample and controlled for the potential confounders of energy, fat, and carbohydrate intake, confirms the previous report that Americans are rarely protein deficient (less than the estimated average requirement or RDA). Many consumed protein at levels consistent with the RDA (typically women and older adults) and more than half reported consuming protein exceeding 1.0 g/kg BW. We also found that protein intake did not exceed ;19% of total energy intake regardless of the absolute and relative amount of protein in the diet, suggesting that the upper-end of the acceptable macronutrient distribution range for protein (35%) is difficult to achieve, and that protein intake was not influenced by BW status.
This population-based study provides a novel examination of habitual dietary protein intake patterns and their associations with cardiometabolic risk. The large sample size (;24,000), and our assessments of usual dietary protein intake and cardiometabolic health according to weight classifications, are strengths of the current report. Although our findings suggest that increasing dietary protein intake lowers cardiometabolic risk, there are limitations that warrant consideration when interpreting outcomes from a cross-sectional study. Relying solely on correlative data to evaluate cardiometabolic risk and 24-h recalls to characterize dietary habits can be problematic and lead to misinterpretations of the data with possible over-and underestimations of dietary intake (51) . However, the inherent variability with selfreport dietary intake data is addressed in part by using the National Cancer Institute method to estimate long-term dietary patterns. As a biological measure to support the validity of the usual dietary intake data we derived from the NHANES, we examined the association of blood urea nitrogen (BUN) and BUN/creatinine ratio with deciles of usual protein intake in grams/kilograms. BUN is the final product of body protein metabolism. We found highly significant (P < 0.0001) increases in concentrations of BUN and BUN/creatinine ratio because usual protein intake increased across deciles in analysis of sexes combined and separate analyses of males and females, even after adjusting for the covariates used in this study (data not shown). Although these variables may be considered a crude measurement of nitrogen metabolism, they demonstrate that usual protein intake measurements from NHANES data are strongly associated with biochemical measures of protein metabolism. It should be recognized that the biological mechanisms responsible for our findings are not fully understood and there are limitations inherent with the study design we used. However, we applied multiple biologically relevant covariates in our regression analyses to avoid confounding, although there is still a possibility that our results are due to residual effects of variables that we did not control.
In conclusion, our analyses confirm that Americans typically consume protein at levels that exceed the RDA, and their intake is consistent with recommendations to optimize skeletal muscle health regardless of BW status and energy, carbohydrate, and fat intake. Increasing dietary protein intake was associated with reduced cardiometabolic risk, a benefit that may be more pronounced in overweight individuals. Individuals consuming higher-protein diets had a lower BMI and waist circumference and higher HDL cholesterol concentrations compared with individuals consuming protein at levels consistent with the RDA. The cardiometabolic advantages associated with higher-protein diets were largely independent of total energy, carbohydrate, and fat intake. Although our study was cross-sectional, our findings strongly suggest that consuming protein well above the RDA (1.0-1.5 g/kg BW) is safe and may be considered a valid nutritional strategy to improve cardiometabolic health.
